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© Crosslinked siloxane-urethane polymer contact lens. 



© A contact lens is described which is synthesized by reaction in a mold of an isocyanate capped poly- 
(dialkylsiloxane) prepolymer with a poly(dialkylsiloxane) di- or polyalkanol. The clear polyurethane rubber contact 
lens is readily made completely wettable by a transfer-grafting process or post-treatment and has a high oxygen 
permeability. 
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CROSSLJNKED SILOXANE-URETHANE POLYMER CONTACT LENS 



From the standpoint of comfort, durability and optical performance, an ideal contact lens should be soft, 
very wettable yet low in bulk water content, clear and have an oxygen permeability greater than 50 
[barrers]. In present day soft contact lenses comfort and wettability are achieved by using hydrogels with 
30-80 % water content, but at the expense of limited oxygen-permeability, physical strength and formation 

5 of protein-deposits. High oxygen permeability is achieved in contact lenses made entirely from silicone 
rubber, as described for instance in U.S. Patent No. 3,996,187, but at the expense of wettability. In addition, 
silicone rubber, because of its greater inherent hydrophobicity and chain mobility, rapidly and tenaciously 
interacts with lipids in the tear liquid, resulting in quick dewetting and potential adhesion to the cornea. 

It would be highly desirable to produce a contact lens composed entirely of silicone rubber since it 

io offers the highest oxygen permeability of all presently available materials. The enhancement of eye comfort 
and long wear capability would represent a significant improvement in contact lens development. Silicone 
rubber lenses, although possessing high oxygen permeability, suffer from poor comfort characteristics 
because they are not soft enough to conform to the cornea in the same way a typical hydrogel lens does. 
On the other hand, silicone-free polyurethane rubbers are known for their excellent bio-compatibility, as 

75 examplifiedby the use of BIOMER - a linear polyurethane rubber - to coat artificial hearts to reduce blood 
clotting. 

Silicone rubbers are made by crosslinking liquid polysiloxanes. These rubbers are thermoset polymers 
which can be made to varying degrees of hardness and elasticity by controlling the degree of crosslinking 
and the molecular weight of the silicone fluid. Silicone rubber is usually made by vulcanizing polydimethyl- 

20 siloxane fluids with organic peroxides at elevated temperatures. Another approach to crosslinking employs 
hydrosilation in which poly(vinylalkyl siloxanes) are cured with poly(hydridoalkylsiloxanes) in the presence of 
transition metal catalysts. Silicone rubber has also been formed by chemically reacting, a,«-difunctional 
poly(diorganosiloxanes) with polyfunctional silanes and siloxanes. Typically the crosslinking reaction is a 
condensation which forms a siloxane bond a volatile by-product. Common examples of this type of cure 

25 reaction are silanolalkoxylsilane (French Pat. 1,042,019), silanol-acetoxysilane (German Appl. 1,121,803), 
silanol-silane (Brit. Pat. 804,199), and silanol-silanol (via the corresponding acetone oxime) (Belg. Pat. 
614,394). Suitable catalysts for these reactions are amines and carboxylic acid salts of Sn, Pb, Zn, Sb, Fe, 
Cd, Ba, Ca and Mn. 

Organosiloxane isocyanates have been prepared (U.S. Patent 3,179,622) which vulcanize when exposed 
30 to moisture. In these cases the isocyanate group is joined to the siloxane through an alkyl group, rendering 
it unhydrolyzabie. Besides moisture cured polyurethanes, silicone rubber, which are 2-component 
polyurethanes are conveniently prepared by reaction of dh tri- or tetra hydroxyaikyl-substituted polysilox- 
anes with di-isocyanates, using the well known techniques of conventional polyurethane synthesis. Most 
commonly these poly hydroxyalkyl-poly siloxanes are used as additives to conventional polyurethane for- 
35 mulations, for instance to regulate pore size in polyurethane foams, to impart lubricity or gloss to 
polyurethane coatings or achieve water repellency. 

The silicone rubbers, which are described for use as soft, oxygen permeable contact lenses, are 
obtained by hydrosilation reaction between poly-(vinyl-alkyl siloxanes) and poly-(hydridoalkyl siloxanes), as 
described in U.S. Patent No. 3,996,187. Silicone rubber like materials for use as soft contact lenses which 
40 are free-radical polymerized copolymers of methacrylate-functionalized polydimethylsiloxanes have also 
been described in U.S. Pat No.4,605,712. 

It has now been found that polysiloxane-polyurethane rubbers also make excellent soft contact lens 
material, combining clarity, high elongation and softness with exceptional oxygen-permeability. 

Such contact lenses, which are entirely based on poly(dialkylsiloxane) di- or tri-alkanols and 
45 diisocyanates have not been described before. 

All silicone containing contact lens materials, be they conventional silicone rubbers or the potysiloxane- 
polyurethanes of this invention are extremely hydrophobic and attract lipid deposits when worn in the eye. 
In order to overcome the hydrophobic nature of silicone rubber, silicone rubber lenses, such as SILSOFT 
(DOW-CORNING) have to be surface treated to render them wettable. Numerous such surface treatments 
so have been described: 

Relevant United States patents in this area include: U.S. 3,925,178 describes surface treatment by 
water-vapor subjected to an electrical discharge. U.S. Patent No. 4,099,859 describes grafting a hydrophilic 
polymer onto a silicone-rubber contact lens by coating the lens with a hydrophilic monomer followed by 
exposure to UV. U.S. Patent No. 4,229,273 describes grafting of a acrylic polymer onto a silicone rubber 
lens pre-irradiated in the presence of oxygen. U.S. Patent No. 4,168,112 describes the formation of a poly- 
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electrolyte complex on the surface of a contact lens in order to render it more hydrophilic and comfortable 
to wear. U.S. Patent No. 4,217,038 describes the formation of a glass-coating on a silicone contact lens to 
improve wettability. U.S. Patent No. 4,409,258 describes a hydrophilizing treatment of contact lenses by 
bombardment with nitrogen and oxygen ions. U.S. Patent No. 4,388,164 describes coating the surface of a 

5 silicone rubber with a thin metal film by vacuum decomposition in the stretched state. U.S. Patent No. 
4,332,922 describes hydrophilization of silicone contact lenses by a gas-discharge. U.S. Patent No. 
4,143,949 describes putting a hydrophilic coating onto a hydrophobic contact lens by radiation induced 
polymerization. U.S. Patent Nos. 4,311,573 and 4,589,964 describe hydrophilization of hydrophobic polymer 
by ozone treatment followed by a grafting of vinyl monomers through decomposition of the formed peroxy 

io groups. 

Although these methods allow fabrications of wettable silicone rubber lenses, most of them have major 
drawbacks; for instance polymerizations can occur not only on the surface, but also in the liquid 
polymerization medium. Also, because the graft-polymerization depends on active centers, which de- 
compose at different times, inhomogeneous surfaces result because of preferential absorption of monomer 
75 into already modified surface regions. In cases where exact depth-control and uniformity of the grafted 
region is important, such as for example in the surface modification of contact lenses, such uncontrollable 
grafting reactions are not acceptable. On the other hand, if to reduce inhomogeneities grafting is carried out 
for a short time only, the grafted surface regions are too thin and in many applications the desired effect 
soon wears off. Exact control over reaction conditions is therefore very important. 
20 It has now also been discovered, that polysiloxane-poly urethane rubbers are especially well suited to 
make soft contact lenses not only with excellent oxygen permeability, but excellent wettability and hydrogel- 
like softness as well, when they are prepared in contact lens molds which have previously been coated with 
a ractive hydrophilic polymer, which is transfer-grafted during cure. 

It has been further discovered, that polysiloxane-polyurethane rubbers can be made in form of an 
25 interpenetrating polymer network (IPN) with a free-radical polymerized vinyl polymer; these IPN's are often 
clear and besides being highly oxygen permeable, allow the physical properties of the polysiloxane- 
polyurethane rubber to be varied over a wide range; they include water swellable compositions and 
compositions bearing polar groups which are otherwise difficult to incorporate into a polyurethane. 

The object of the invention is to provide an ophthalmic device, preferably a contact lens, made of 
30 crosslinked siloxane-urethane polymer. 

Another object of this invention is a crosslinked siloxane-urethane polymer in form of an interpenetrating 
polymer network with a free radical polymerized vinyl polymer. 

The instant invention pertains to an opthalmic device, preferably a contact lens, made of a crosslinked 
siloxane-urethane polymer which comprises the reaction product of 
35 (A) a di- or poly-hydroxyalkyl substituted alky! polysiloxane having a molecular weight between about 

200 and about 10,000, and 

(B) a substantially compatible, aliphatic, cycloaliphatic or aromatic di- or tri-isocyanate; wherein the 
total number of hydroxy! groups in component (A) is substantially stoichiometrically equivalent to the total 
number of isocyanate groups in component (B), and with the proviso that an effective crosslinking amount 
40 of (A) or (B) or both (A) and (B) is present and possesses a functionality greater than two. 
Poly-functional polysiioxanes, useful as component (A) are of structures: 
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wherein Ri is an alkyi group of 1 to 4 carbon atoms or phenyl, R2 is a linear or branched alkylene group 
with 2 to 6 carbon atoms (■ R2a), a polyoxyaikyiene group of structure 



-[CH 2 CHO] n CH 2 CH- 
R 3 R 3 



or -(CH 2 ) 3 OCH 2 C:HCH 2 - <= R 2 b) , 
OR 3 



wherein R 3 is hydrogen or methyl and n is an integer from 1 to 50; xi and x 2 are integers from 1 to 500; yi 
is 0 to 4, y 2 is 2 to 5 with the proviso that the ratios of: 



x l + x 2*l x l + X 2V2 

— — and ■ 



yi + 2 



are not greater than 70. 

By "compatible" is meant that component (B) is reactable with component (A) to yield a reaction 
product which is substantially optically ciear. 

Diisocyanates or triisocyanates (B) useful as such or to form a prepoiymer intermediate are aliphatic, 
cycloaliphatic or aromatic polyisocyanates. 

Said aliphatic di- or triisocyanates are e.g. alkyt di- or triisocyanates having up to 12 alky! carbon atoms, 
preferably having 2 to 9 alkyl carbon atoms, wherein alkyl is e.g. ethyl, propyl, hexyl or trimethylhexyl. 

Said cycloaliphatic di- or triisocyanates are e.g. cycioalkyl di- or triisocyanates having up to three C5 or 
C6 cycioalkyl or cycloalkenyl groups which are unsubstituted or substituted by lower alkyl and/or carboxy, 
including cycioalkyl lower alkyl, unsubstituted or substituted by e.g. lower alkyl, di=or triisocyanates. In case 
that more than one cycioalkyl group is present, these are connected to each other by a bond, lower 
alkylene, or a urethane group. 

Said aromatic di- or triisocyanates are e.g. di- or triisocyanates having a naphthalene or up to three 
phenyl groups, which are unsubstituted or substituted by lower alkyl, halogen, or lower alkoxy, e.g. methyl, 
chloro, or methoxy. In case that more than one phenyl group is present these are connected to each other 
by a bond, lower alkylene, or lower alkylidene or oxygen. 

Component (B) is preferably a diisocyanate, triisocyanate or mixture thereof selected from the group 
consisting of ethylene diisocyanate, 1 ,2-diisocyanatopropane, 1 ,3-diisocyanato-propane, 1,6- 
diisocyanatohexane, 1 ,2-diisocyanatocyclohexane, 1 ,3-diisocyanatocyclohexane, 1 ,4-diisocyanatobenzene; 
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bis(4-isocyanatocyclohexyl)methane, bis(4-isocyanatocyclohexenyl)methane, bis(4-isocyanatophenyl)- 
methane, 1,2-and 1,4-toluene diisocyanate; 3,3-dichloro-4,4'-diisocyanatobiphenyl; tris(4-isocyanatophenyl)- 
methane, 1 ,5-diisocyanatonaphthalene, hydrogenated toluene diisocyanate; 1 -isocyanatomethyl-5- 
isocyanato-1,3,3-trimethylcyclohexane (= isophorone diisocyanate); 1,3,5-tris(6-isocyanatohexyl)biuret, 1,6- 
diisocyanato-2,2,4-(2,4,4)-trimethy Ihexane, 2,2 / -diisocyanatodiethyl fumarate; 1 ,5-diisocyanato-l -carbox- 
ypentane; 1,2-, 1,3-, 1,6-, 1,7-, 1,8-, 2,7- and 2,3-diisocyanatonaphthaiene; 2,4- and 2,7-diisocyanato-1- 
methylnaphthaiene; 1 ,4-diisocyanato-methylcyclohexane; 1 ,3-diisocyanato-6(7)-methyinaphthalene; 4,4 - 
diisocyanatobiphenyl; 4 1 4'-diisocyanato-3,3'-dimethoxy-bisphenyl; 3,3'- and 4,4'-diisocyanato-2,2'-dimethyl 
biphenyi; bis-(4-isocyanatophenyi)ethane; bis(4-isocyanatophenyl)ether. 

The most preferred diisocyanates are isophorone diisocyanate, 2,2,4-(2,4,4)-trimethylhexane-1 ,6- 
diisocyanate or 1,2- or 1,4-toluene diisocyanate. 

In a preferred embodiment of the instant invention the di- or triisocyanate (B) or mixture of said 
isocyanates is reacted with approximately half the equivalent amount of the polysiloxane-polyalkanols of 
structure, A1 , A2 or A3 to form an isocyanate capped prepolymer, which is subsequently reacted with the 
remaining half equivalents of polysiloxane-poiyalkanol to form the crosslinked polysiloxane-polyurethane. 

Some preferred compositions consist of polyurethanes where (A) is of structure A1, where yi is zero to 
1, xi is 5-50, x 2 is 5-50, Ri is methyl, R 2 is propylene, butylene, 1 -methyl propylene or 



and the diisocyanate (B) is isophorone diisocyanate (IPDI) or 2,2 t 4(2,4,4)-trimethylhexane-1,6-diisocyanate 
(TMDI). 

Other preferred compositions consist of polyurethanes where (A) contains 40-60 equivalent percent of 
polysiloxane-tetrols of structure A3, and diisocyanate (B) is IPDI or TMDI. 

Most preferred are compositions where (A) contains 40-60 equivalent percent of polysiloxane diols of 
structure A1, where yi is zero or 1, xi is 1-5, x 2 is 1-5, Ri is methyl, R 2 is propylene or butylene, and the 
diisocyanate (B) is IPDI or TMDI. 

Other most preferred compositions are where (A) contains 40-60 equivalent percent of polysiloxane 
tetrols A3, where xi is 10-50 and Ri is methyl, and 40-60 equivalent percent A1, where yi is zero, xi is 15- 
60, Ri is methyl, R 2 is propylene, 1-methyipropylene, or 



(B) tS isophorone diisocyanate or 2 l 2,4(2 t 4,4)-trimethylhexane-1,6-diisocyanate. 

The compatible, interpenetrating-polymer-network compositions of the instant inventions comprise 

(I) 95-50 %, preferably 95-75 %, by weight of the total composition of the reaction product of 

(A) of di- or poiy-hydroxyalkyl substituted alkyl polysiloxane having a molecuar weight between about 200 
and about 10,000, and 

(B) a substantially compatible, aliphatic, cycloaliphatic or aromatic di- or tri-isocyanate, 

wherein the total number of hydroxyl groups in component (A) is substantially stoichiometrically equivalent 
to the total number of isocyanate groups in component (B), and with the proviso that an effective 
crosslinking amount of (A) or (B) or both (A) and (B) is present and possesses a functionality greater than 
two, and 

(II) 5-50 %, preferably 5-25 %, by weight of the total composition of a vinyl polymer or copolymer 
obtained by the free-radical polymerization of a vinyl monomer or mixture of vinyl monomers. 

Compatible in this context means that the interpenetrating network of polymers when converted into 
contact lenses are optically clear and not hazy. 

The crossliked polysiloxane-polyurethane of component (I) is prepared from components (A) and (B) 
which are described earlier in this application in detail. 

The vinyl polymers of component (II) are prepared by free-radical polymerization of the esters, 
including the Ci-C 2 2-linear or branched alkyl or hydroxyalkyl esters, or amides of acrylic, methacrylic or 
mafeic acids, vinyl esters, vinyl ethers, styrene or N-vinyilactams. 

Preferably component (II) is prepared from a fiuoroalkyl acrylate or methacrylate with 3 to 21 fiuoro 



-(CH 2 ) 3 -0-CH r CH-CH 2 - 



OCH 3 



-<CH 2 ) 3 -0-CH 2 -CH-CH 2 - 




and 
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atoms in the fluoroalkyl group, such as heptafluorobutyh hexafluoroisopropyl- or R f -ethyl acrylate or 
methacrylate where R f is perfluoroaikyi of 6 to 10 carbon atoms, from an oligosiloxanylsiiyl-aikyl acrylate or 
methacrylate with 2 to 10 Si atoms in the oligosiioxanyl group, from a hydroxyaikyl acryiate or methacrylate, 
N-vinylpyrrolidone, N,N-dimethylacrylamide or methyl methacrylate. 
5 Most preferred vinyl monomers for component (II) are N,N-dimethylacry!amide, methyl methacrylate, 2- 

hydroxyethyl methacrylate, methacryioxypropyi-tris(trimethylsiloxy)silane and tridecylfluorohexyl-ethyf 
methacrylate. 

The instant compatible interpenetrating-polymer-network compositions are useful for making ophthalmic 
devices, preferably contact lenses. 

io Synthesis of the novel polysiloxane-polyurethanes follows the general procedures of polyurethane 
chemistry. Preferably, a prepolymer is prepared in a first step by reaction of approximately half the 
equivalent amount of polysiloxane-polyalkanol with the full equivalent amount of a diisocyanate; this 
prepolymer, which contains terminal isocyanate groups, is then in a final reaction step connected into the 
crosslinked polysiloxane-polyurethane rubber by mixing it with the remaining half of the polysiloxane- 

75 polyalkanol, filling it into a mold and curing it at elevated temperatures. 

Both reaction steps are preferably catalyzed by any of the catalysts commonly used in polyurethane 
chemistry, especially tin compounds like dibutyltin dilaurate (DBTL) a stannous octoate, or by tertiary 
amines, like triethylamine; the catalysts can be present in amounts of zero to 0.2 % (by weight). The 
reaction temperature can vary from 20-1 00 *C and is preferably between 40-60° C. 

20 If polysiloxane-dialkanols are used, it is possible to carry out the first reaction step with an OH:NCO 
equivalent (or mol) ratio from 1:2 to 6:8 and thereby make prepolymer which contain from one to an 
average of 3 polysiloxane chains within their structure; if polysiloxane-tri (or tetra) alkanols are used for step 
1, the molar ratios of polysiloxane-alkanol to diisocyanate can range from 1:3 (1:4) to 2:5 (2:7), thereby 
encompassing prepolymers with one or up to an average of two polysiloxane chains within their structure. 

25 Such chain extended prepolymers are thus within the scope of this invention. 

It is of course possible to use mixtures of polysiloxanealkanols of structures A1 , A2 or A3 to make the 
prepolymers and the final polyurethane, as long as the basic rules of polyurethane synthesis familiar to 
those skilled in the art, are observed. 

Instead of preparing the poly-isocyanato polysiloxane prepolymers from (B) and polysiloxanes A1 , A2 or 

30 A3, any of the above mentioned diisocyanates can be used by themselves, with isophorone diisocyanate 
and 1 ,6-diisocyanato-2,4,4-(2,2,4)trimethylhexane being the preferred isocyanates. It is also within the scope 
of this invention, to use minor amounts of polymeric diisocyanates of 500-5000 MW based on 
polyalkyleneether- or polyester-diol reacted with the diisocyanates listed above in combination with the 
isocyanato-functional polysiloxanes, as long as clear and compatible mixtures are obtained. 

35 Compatibility can often be improved by the use of compatibilizing aprotic solvents, such as N,N- 
dimethylformamide, N-methylpyrrolidone, dimethyl sulfoxide, isopropyl acetate, methyl ethyl ketone and the 
like. Solvents also facilitate removal from the mold and improve the quality of the molded lens, especially of 
the edges. Such solvents can be present in amounts from zero to 50 % (by weight). The preparation of the 
poly-(siloxane-urethane) in the presence of an aprotic solvent is thus within the scope of the invention. 

40 It is within the scope of this invention to have other reactive components present, as long as they 
remain compatible with the siloxane-urethane polymer and do not result in hazy or opaque lenses. 

Useful additional components are, for example, polyethylene oxide diols with 2-1000 repeating ether 
units to impart hydrophilicity to the bulk, or perfluorinated polyether diols to impart oleophobicity and 
resistance to protein and lipid absorption; ethylene glycol, glycerol, propylene glycol, butanediol, thio- 
ls diethyiene glycol, and cationic groups containing diols such as N-methyldiethanol or N,N-bishydroxyethyl- 
piperazine and the like. These and other components can be either incorporated during the final cure, or by 
the known techniques of chain extension before the final crosslinking cure is carried out. In this manner 
unsaturated groups can also be incorporated, using for instance butenediol or butynediol, or maleic 
anhydride. 

so Yet another extension of this invention is the synthesis of poly(siloxane-urethanes) as part of an 
interpenetrating-polymer-network (IPN) containing a vinyl polymer as the second component. Such poly- 
mers can be obtained by using vinyl monomers as reactive diluents and polymerizing these vinyl 
monomers either simultaneously with the polyurethane forming components or subsequently, using either 
heat, but preferably UV-activated free-radical polymerization. 

55 The contact lenses of this invention are prepared by casting in a suitable mold the polysiloxane- 
polyurethane prepolymer mixture consisting of approximately equivalent amounts of components (A) and 
(B) or other diisocyanate according to the known methods of polyurethane synthesis. The reaction mixture 
can be prepared by stirring A and B under a dry nitrogen blanket while simultaneously mixing in a catalyst , 
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such as dibutyltin dilaurate (DBTL) or other catalysts used in polyurethane manufacture, including catalysts 

containing tert-amino groups. The amount of catalyst can range from zero to 0.2 % (by weight) and is 

preferably 0.01 to 0.03 % (by weight) DBTL. 

The molds can consist of glass, metal or plastic, such as polycarbonate or polypropylene. Preferably 
s these molds are coated with a coreactive hydrophilic polymer like polyvinyl alcohol (PVA), ethoxylated PVA 

or hydroxyethyl cellulose to give a permanent hydrophilic coating on the tens, according to the invention 

described in copending U.S. patent application Serial No. 250, 199.^ 

The cure is carried out at temperatures between 25 and 100° C for 1-10 hours after which the mold is 

taken apart and the lens removed. 
w In the following examples Shore-A hardness is determined on 1 cm thick cast buttons. Oxygen 

permeability is determined with 0 2 -Permeometer-Model 201 -T (Createch) and using buffered saline (pH = 

7) as electrolyte and is expressed in units 
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Physical-mechanical measurements are carried out with an INSTRON testing apparatus, model 1123 on 0.5- 
1 mm thick sheets. 

In the following examples wettability is determined by measuring air in water contact angles by the 
captive bubble method (= receding angle), and water in air angles ( = advancing angle) on 1 mm thick 
sheets after three days equilibration in distilled water. 

Example 1 : Synthesis of Diisocyanate Prepolymer B (MW 4700) 

Dihydroxyalkylpolydimethylsiloxane (structure A1 with yi = zero, R 2 - R2b, R 3 = methyl) (MW 4200, 
Mercor Inc.) (158.04 g, 37.59 mmole) is weighed into a three neck, 300 ml round bottom fiask equipped 
with a mechanical stirrer, thermometer, and nitrogen inlet. Isophorone diisocyanate (16.71 g, 75.19 mmole, 
3.0 equivalents) is then added and the two liquids are rapidly stirred to a colorless solution. Dibutyltin 
dilaurate, DBTL (41 mg, 0.02 %) is added and stirring is continued at room temperature. An exothermic 
reaction soon begins after the catalyst addition and peaks 55 minutes later at 33.5° C. Stirring is continued 
for another sixty minutes after which time the NCO level falls to 1/2 of the inital value. The prepolymer is 
stored at 10* C in a glass bottle under nitrogen. It has a MW (molecular weight) of4700, by NCO-titration. 

Example 2: Synthesis of Diisocyanate Prepolymer B (MW 2550) 

Dihydroxyalkyl-polydimethylsiloxane (structure A1 with yi = zero, R 2 - R2b) (MW 2100, Mercor Inc.) 
(176.58 g, 82.207 mmole) is reacted with two equivalents of isophorone diisocyanate, (iPDI), (36.57 g, 
0.1644 mole) in a 300 ml, 3 neck, round bottom fiask in the manner described in example 1 using 71 mg 
(0.03 %) of DBTL catalyst. The prepolymer formed has a molecular weight of 2550 by NCO titration and is 
stored in a glass bottle at 10* C under nitrogen. 

Example 3: Synthesis of Diisocyanate Prepolymer B (MW 1400) 

Dihydroxyalkyl-poiydimethylsiloxane (structure A1 with yi = zero, R2 = R2b) (MW 1000, Mercor Inc.) 
(116.84 g, 0.1117 mole) is reacted with two equivalents of isophorone diisocyanate, IPDI, (51.90 g, 0.2330 
mole) in a 300 ml, 3 neck, round bottom flask with 90 mg (0.08 %) DBTL catalyst in the manner described 
in example 1 . The prepolymer formed has a molecular weight of 1 400 by NCO titration and is stored in a 
glass bottle at 10* C under nitrogen. 

Example 4: Synthesis of Tri-isocyanate Prepolymer B from Tri-hydroxyaikyl (polydimethyl-siloxane) 

The polydimethylsiioxane triaikanol (structure A1 with yi = 1, R 2 = Ffea) (MW 5750, Shin Etsu 504B) 
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(506.8 g, 88.0 mmoles) is mechanically stirred in a one liter, three neck round bottom flask with three 
equivalents of isophorone diisocyanate, IPDI (58.76 g, 0.2639 mole) for six hours under a nitrogen 
atmosphere. A mild exotherm (28.5° C) is noted during the first hour of reaction. The product is a colorless 
oil with a molecular weight of 6400 as determined by NCO titration and a specific viscosity (2 % w/w in 
5 isopropanol) of 0.0916. The prepolymer is stored at 10° C under nitrogen in a glass bottle. 



Examples 5-11: Synthesis of Prepolymer B 

ro Using the same procedure described in example 1 , the other NCOcapped PDMS-prepolymers (B) are 
synthesized and are summarized on the following table, together with examples 1-4: 



Ex. 


Prepolymer B 


MW 


Diisocyanate" 


NCO-Functionality 


No. 


Structure 
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7800 


IPDI 


3 


9 


Ai; yi =0; R 2 a 


1900 


IPDI 


2 


10 


Ai; yi =0; R 2 a 


2850 


IPDI 


2 


11 


Ai; yi =1; R 2 a 


7200 


IPDI 


3 



1DPI is isophorone diisocyanate 



30 



Example 12: Preparation of Silicone Rubber from a Polydimethylsiloxane Tri-isocyanate Prepolymer (B) and 
1 1 3°Bis(4°K^roxybutylHe¥amethyldisiroxane "(A) 

The tri-isocyanate prepolymer-B of example 4 (MW 6400) synthesized from the PDMS-trialkanoi (Shin 
Etsu 504B) (22.96g, 3,588 mmole) is mixed with an equivalent amount of 1 ,3-bis(4-hydroxybutyl)- 
tetramethyldisiloxane (Petrarch, lnc.)(1.50 g, 5.381 mmole) by mixing at 15 torr in a 50 ml round bottom 
flask on a rotovaporator for 60 minutes. The formulation is used to fill 5 inch (12.7 cm) square by 1.00 mm 

40 thick and 5 inch (12.7 cm) square by 0.5 mm thick molds, the Mylar surface of which has been previously 
coated with a 1.0 u thick film of hydroxyethyl cellulose (QP100 M, MW 1,000,000, Union Carbide) from a 
0.8 % aqueous solution. Also filled with the silicone formulation are two 10 mm x 15 mm polypropylene 
button molds. Curing is performed in an 80 *C oven for six hours under a nitrogen atmosphere giving clear, 
rubbery silicone. The 1.00 mm thick sheets are used for measuring tensile strength, modulus, and 

45 elongation to break while the 0.50 mm thick sheets are used for measurement of oxygen permeability on a 
Permeometer. The buttons are used to measure the Shore A hardness of the rubber and its percent 
swelling and percent extractives in absolute ethanoi. 



so Example 13: Preparation of Silicone Rubber from Poly(dimethylsiloxane)isocyanate Prepolymer (B) and 
Tetrahydroxyalkyl-poly(dimethylsiloxane) (A) " 

The isocyanate-capped prepolymer B (MW 4700) of example 1 (24.66 g, 5.222 mmole) is mixed with an 
equivalent amount of tetrahydroxyalkyl-poly(dimethyldisiloxane) (structure A2, MW 1200; Mercor Inc.) (3.20 
55 g, 2,612 mmoles) in a 50 ml round bottom flask at 15 torr. After 30 minutes a clear, degassed formulation is 
obtained which is used to fill 5 inch (12.7 cm) square by 1.00 mm thick and 5 inch (12.7 cm) square by 0.5 
mm thick molds, the Mylar surface of which has been previously coated with a thin (< 1 micron) film of 
ethoxylated polyvinyl alcohol) (Polysciences) from a 5 % aqueous solution. Two poly(propylene) button 
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molds (15 mm x 10 mm) are also filled. Curing is performed in an 80° C oven under a nitrogen atmosphere 
for two hours and yields a clear, rubbery silicone. The 1 .00 mm thick sheets are used to measure tensile 
strength, modulus, and elongation to break while the 0.5 mm sheets are used for oxygen permeability 
measurements on a Permeometer. Values for Shore A hardness, percent swelling and percent extractibles 
s in absolute ethanol are made with 10 mm x 15 mm buttons. 



Examples 14-27: Synthesis of polysiloxane-polyurethanes 

Using the procedure described in example 13 polysiloxane-polyurethanes are prepared whose composi- 
tions are listed below together with that of example 13. 



75 



20 



25 



30 







Tetrafunctional (OH) 


Difunctional (NCO) 






Prepolymer 


- A 


Prepolymer - B 




Structure 


MW 


g 


mmol 


of Ex. 


g 


mmole 


13 


A3 


1226 


3.20 


2.62 


1 


24.66 


5.22 


14 


A3 


3404 


7.56 


2.22 


1 


20,9 


4.45 


15 


A3 


6287 


8.42 


1.34 


1 


12.6 


2.67 


16 


A3 


1226 


4.23 


3.46 


2 


17.6 


6.90 


17 


A3 


3404 


11.00 


3.24 


2 


16.5 


6.49 


18 


A3 


6287 


9.20 


1.46 


2 


7.46 


2.93 


19 


A3 


1200 


9.29 


7.58 


3 


21.21 


15.15 


20 


A3 


3404 


23.90 


7,04 


3 


19.70 


14.08 


21 


A3 


6287 


11.19 


1.77 


3 


4.94 


3.53 


22 


A3 


1226 


2.73 


2.23 


9 


12,27 


6.46 


23 


A3 


3404 


7.18 


2.11 


9 


5.70 


3.0 


24 


A3 


6287 


9.94 


1.58 


9 


6.01 


3.16 


25 


A3 


1226 


2.38 


1.94 


10 


11.16 


3.88 


26 


A3 


3404 


7.12 


1.77 


10 


10,18 


3,54 


27 


A3 


6287 


8.22 


1.31 


10 


7.53 


2.62 



All polymers are colorless, clear and extremely wettabie. 



Examples 28-33: 

Using the procedure of example 12 polysiloxane-polyurethanes are prepared with the compositions 
listed below. 



Ex. 


Component A: 


+ 


Prepolymer (B) 




(Bis-4-hydroxybutyl) - 




(trifunctional) 




disiioxane 










g 


mmole 


of Ex. 


g 


mmole 


28 


1.50 


5.38 


4 


22.96 


3.59 


29 


1.76 


6.32 


5 


17.10 


4.21 


30 


1.92 


6.88 


6 


27.80 


4.59 


31 


0.66 


2.38 


7 


11.72 


1.59 


32 


1.63 


5.86 


8 


30.49 


3.91 


33 


0.83 


2.98 


11 


14.2 


1.98 
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All polymers are clear, colorless and extremely wettable. 



s Example 34: 

The polymers synthesized in examples 13-33 are tested for their physical-mechanical properties and 
oxygen permeability. 



70 



75 



30 



Polymer of 


Shore-A 


Tensile 


Young's 


Elongation to 


0 2 .DK 


Ex. 




Strength 


Modulus 


Break 








Dynes/cm 2 x 1 0 5 


% 


(0.25 mm, 












25 °C) (Barrers) 


13 


38 


66.59 


223.89 


37 


169 


14 


35 


9.61 


101.40 


17.8 


177 


15 


31 


10.00 


72.57 


22 


183 


16 


51 




yy.o4 


47 


200 


17 


44 


19.12 


89.04 


41 


209 


18 


37 


20.99 


50.60 


159 


202 


19 


62 


37.07 


248.70 


22 


93 


20 


51 


14.22 


115.33 


19 


180 


22 


54 


176.81 


99.93 


105 


125 


23 


45 


127.19 


49.23 


63 


135 


24 


40 


87.77 


39.81 


58 


155 


25 


41 


64.72 


91.34 


159 


136 


26 


38 


103.66 


54.43 


120 


259 


27 


36 


54.03 


27.65 


86 




28 


31 


14.22 


40.50 


60 


208 


29 


41 


35.19 


80.85 


75 


115 


30 


36 


38.67 


61.15 


134 


227 


31 


38 


36.87 


69.04 


133 


250 


32 


30 


26.09 


45.80 


109 


214 


33 


32 


17.85 


46.19 


59 


210 



Example 35: Preparation of Silicone Rubber from Tetrahydroxyalkyl-poly(dimethylsiloxane) and 2,2,4- 
Tri m eth y Ihexane- 1 , 6-d i i socy anate ~ ~ ~~ 

Tetrahydroxyaikyl-poiy(dimethylsiloxane) of structure A3 MW 1220, Mercor, Inc.) (15.16 g, 12.426 
mmole) is formulated with an equivalent amount of 2 t 2,4-trimethylhexane-1,6-diisocyanate, TMDI (5.19 g, 
24.714 mmole), and 9.1 mg (0.06 %) DBTL in the manner described in example 6. The formulation is cured 
into sheets and buttons as previously described yielding a clear.hard silicone rubber. 



Example 36: 

The tetrahydroxyalkylpoiy(dimethylsiloxane) (of structure A3, MW 6300, Mercor, Inc.) (16.98 g, 2.695 
55 mmole) is formulated with an equivalent amount of TMDI (1.12 g, 5.381 mmole) and 2.5 mg (0.015 %) 
DBTL in the manner described in example 6. The formulation is cured into sheets and buttons as previously 
described yielding a clear silicone rubber. 
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Example 37: 

Trihydroxyalkyl-poly(dimethylsiloxane) (of structure A1 with yi = 1 and R 2 = R2a) (19.4 g, 5.07 
mmoie) is formulated with an equivalent amount of TMDI (1.69 g, 7.6 mmole) and 52 mg DBTL in the 
5 manner described in example 6. The formulation is cured into sheets and buttons as previously described 
yielding a clear, resilient silicone rubber which has a Shore-A hardness of 32 and a O2.DK (barrers) of 187. 

The following two examples describe the formation of contact lenses. 



10 Example 38: 

The poly(dimethylsiloxane)tri-isocyanate prepolymer described in example 4 (MW 6400, 9.86 g, 1.541 
mmoles) is formulated with an equivalent amount of 1 ) 3-bis(4-hydroxybutyl)tetramethyldisiloxane (MW 
278.6, 0.644 g, 2.312 mmole). The composition is stirred in vacuo (15 torr) until a degassed, homogeneous 

15 mixture is attained (30-45 minutes). Two drops of this formulation are placed in a polypropylene contact 
lens mold that has previously been dip coated with ethoxylated polyvinyl alcohol (EPVA Polysciences) from 
a 2 % aqueous solution containing 0.01 % LODYNE S-100 (CIBA-GEIGY) fluorinated surfactant and driedjn 
a forced-air oven at 80° C. The molds are closed and clamped in a spring loaded holder and cured at 80 C 
for two hours. After cooling and removing from the mold, the lenses are stirred in 60* C water overnight to 

20 dissolve ungrafted EPVA. Clean, highly wettable lenses are attained which retain these properties after 
stirring in boiling water for 7 days. 

Example 39: 

25 

The poly(dimethylsiioxane)diisocyanate prepolymer described in example 1 (MW 4700, 6.17 g, 1.3086 
mmole) is formulated with an equivalent amount ofpoly(dimethylsiloxane)tetra-alkanol (structure A3: MW 
1220, 0.801 g, 0.6533 mmole). The composition is stirred in vacuo (15 torr) for 30 minutes yielding a clear, 
homogenous mixture. Two drops of this formulation are placed in a polypropylene contact lens mold that 
30 has previously been dip coated with hydroxyethyl cellulose (HEC) (MW 815,000, Union Carbide) from a 1 % 
aqueous solution containing 0.01 % LODYNE S-100 (CIBA-GEIGY) fluorinated surfactant. After curing for 90 
minutes at 80* C the molds are cooled to room temperature and opened. The lenses formed are washed in 
60 * C water overnight to remove ungrafted HEC. Even after boiling in water for 7 days, the lenses remain 
highly wettable and clear. 



Example 40: 



40 a) Synthesis of Diisocyanate Prepolymer with TMDI: 

Dihydroxypolydimethylsiloxane of structure A2 with y 2 = 0, R 2 - R 2 b) (MW 2760, Shin-Etsu A-1000) 
(75.63 g, 27.40 mmole) is reacted with two equivalents of 2,2,4-trimethyl-1,6-diisocyanatohexane (TMDI; 
11.51 g, 54.80 mmole) in the presence of dibutyltin dilaurate (DBTL) (15 mg, 0.02 %) for 3 hours in the 
45 manner previously described after which time the NCO level falls to 1/2 the initial value. The prepolymer is 
stored under nitrogen in glass bottles at 10° C, the MW is 3300 by NCO titration. 



b) Synthesis of polysiloxane-polyurethane rubber: 

50 

This prepolymer (12.11 g, 3.67 mmole) is formulated with an equivalent amount of PDMS-tetra-alkanol 
(Structure A3, MW1226, Mercor, Inc.) (2.25 g, 1.835 mmol) in the manner previously described, poured into 
molds and cured at 80 °C (2 hours) giving a clear, resilient rubber with the following properties: Shore A 
hardness: 34, Tensile Strength: 34.3 dynes/cm 2 x KT 5 , Young's Modulus: 100.0 dynes/cm 2 x 10" 5 , 
55 Elongation to Break: 61 %. 

The following three examples describe the synthesis of polysiioxane-polyurethanes with chain-extended 
polydimethylsiloxane-urethanes. 
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Example 41 : 

a) Synthesis of Chain -Extended (MW3385) Diisocyanate Prepolymer: 

Dihydroxyalkyl-polydimethylsiloxane of structure A1 with > yi = 0, R2 = Ft2b (MW 1500, Shin-Etsu; 
146.33 g, 97.55 mmole) is weighed into a three neck, 300 mi round bottom flask equipped with mechanical 
stirrer, thermometer, and nitrogen inlet. Isophorone diisocyanate (32.53 g, 146.3 mmole, 1.5 equivalents) is 
added and the two liquids are rapidly stirred, forming a white emulsion. Dibutyltin diiaurate, DBTL (29 mg, 
10 0.02 %) is added and stirring is continued at room temperature. Solubilization occurs within 30 minutes and 
a mild exotherm (32° C) is noted approximately 100 minutes after catalyst addition. Stirring is continued for 
another three hours after which time the NCO level has fallen to 1/3 the initial value. The polymer is stored 
under nitrogen in glass bottles at 10* C; the MW is 3385, by NCO titration. 

75 

b) Synthesis of Polysiloxane-Polyurethane Rubber: 

The prepolymer from example 41a (12.56 g. 3.710 mmole) is formulated with an equivalent amount of 
PDMS-tetra-alkanol (Structure A3, MW 1226, Mercor, Inc.) (2.27 g, 1.835 mmole) on a rotavaporator at 20 
20 torr for 30 minutes and then poured into molds in the manner previously described. The composition is 
cured at 80° C for 2 hours yielding a clear, colorless, resilient rubber with the following properties: Shore A 
hardness: 44, Tensile Strength: 54.9 dynes/cm 2 x 10" 5 , Young's Modulus: 126.6 dynes/cm 2 x 10" 5 , 
Elongation to Break: 104 %. 

25 

Example 42: 

The prepolymer from example 41a (15.20 g, 4.49 mmole) is formulated with an equivalent amount of 
PDMS-tetra-alkanol (MW 6287, Mercor, Inc.) (14.12 g, 2.245 mmole) in the manner previously described. 
30 Curing at 80 °C for 2 hours gives a clear, colorless, resilient rubber with the following properties: Shore A 
hardness: 27, Tensile Strength: 12.6 dynes/cm 2 x 10~ 5 , Young's Modulus: 36.2 dynes/cm 2 x 10" 5 , 
Elongation to Break: 80 %. 



35 Example 43: 

a) Synthesis of Chain-Extended (MW 2634) Diisocyanate Macromer: 

40 Dihydroxyaikyl-polydimethylsiloxane of structure A1 with = 0, R 2 = R2b (MW 1044, Mercor, Inc.) 
(82.67 g, 79,19 mmole) is reacted with 1.5 equivalents of isophorone diisocyanate, IPDI (26.41 g f 118.8 
mmole) in the manner described in example 40. After stirring 3 1/2 hours at room temperature, the NCO 
level falls to 1/3 the initial value. The polymer is stored under nitrogen in glass bottles at 19° C; the MW is 
2634, by NCO titration. 

45 

b) Synthesis of Polysiloxane-Polyurethane Rubber: 

The prepolymer from example 43 (16.04 g, 6.09 mmole) is formulated with an equivalent amount of 
50 PDMS-tetra-alkanol (Structure A3, MW 1226, Mercor, Inc.) (3.73 g, 3.045 mmole) in the manner previously 
described. Molds are cured at 80° C for 2 hours yielding clear, resilient rubber with the following properties: 
Shore A hardness: 49, Tensile Strength: 91.0 dynes/cm 2 x 10" 5 , Young's Modulus: 123.4 dynes/cm 2 x 10" 5 , 
Elongation to Break: 168 %. 

55 

Example 44: Preparation of a poly-(siloxane-urethane) with 2,4-toluene diisocyanate. 
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a) Macromer Synthesis: 

2,4-toluene diisocyanate (6.77 g, 0.0389 mole) is charged into a 100 ml round bottom flask equipped 
with mechanical stirrer, nitrogen inlet, and dropping funnel with pressure equalizer. Poiysiloxane trialkanol, 
(Shinetsu X-61-504B, MW 5370, 69.29 g, 0.130 mole) is sparged with dry nitrogen and then dibutyltin 
dilaurate (DBTL) 7 mg, is dissolved in the siloxane. The latter is then added to the diisocyanate in a slow 
stream with vigorous stirring. After two hours the NCO level has dropped to the theoretical value and the 
clear, colorless prepolymer is poured into a glass bottle and stored at room temperature under nitrogen 
(MW 6340). 



b) Preparation of poly-(siioxane-urethane): 

The triisocyanate prepolymer of example 44a (21.81 g, 4.229 mmole) is weighed into a 50 ml round 
bottom flask. An equivalent amount of 1 ,3-bis(4-hydroxybutyl) tetram ethy Id i siloxane (1.76 g, 6.343 mmole) is 
added and mixed on a rotavapor for 20 minutes. The mixture is poured into a MYLAR lined giassmold and 
cured as described in example 12. A clear, colorless silicone rubber is obtained, useful for the production of 
soft contact lenses. 

Examples 45-48 describe the preparation ofpoly-(siloxaneurethane)-inter penetrating polymer networks 
(IPN's) with vinyl polymers. 

Example 45: 

The triisocyanate prepolymer of example 6 (MW 6150, 16.36 g, 2.660 mmole) is formulated with an 
equivalent of 1 t 3-bis(4-hydroxybutyi) tetramethyidisiloxane (MW 278.6, 1.11 g, 3.990 mmole) in a 50 mi 
round bottom flask on a rotavapor. After 20 minutes of mixing, the polysiioxane-poiyurethane formulation 
(4.86 g) is mixed with N.N-dimethylacryiamide (0.54 g, 10 % by weight) into which VAZO 52 * initiator (2.7 
mg) have previously been dissolved. The mixture is throughly degassed and poured into a 0.5 mm thick 
MYLAR-lined mold, the surface of which has previously been coated with ethoxylated PVA as described in 
example 13. The formulation is cured first for 10 hours at 40* C, during which time the polyurethane 
network forms, than at 80 °C for 3 hours. A clear polymer with a highly wettable surface and a water 
content, after hydration, of 14.3 % (by weight) is obtained. 



Example 46: 

Using the procedure described in example 45, the siloxane-urethane formulation (3.51 g) is mixed with 
methacryloxypropyitris(trimethylsiloxy)silane (0.39 g, 10 % by weight) containing 2.0 mg of VAZO 52 and 
cured at 40 °C for 10 hours and 80 °C for three hours. A clear, colorless polymer with a highly wettable 
surface is obtained. 



Example 47: 

The procedure of example 45 is repeated using 4.10 g of the silicone-urethane formulation and 0.46 g 
of tridecylfiuorohexyl-ethyl methacrylate, containing 2.28 mg VAZO 52. Curing at 40° C for 10 hours and at 
80° C for 3 hours yields a clear, colorless polymer with a highly wettable surface. 



Example 48: 

The procedure of example 45 is repeated using 5.00 g of the silicone-urethane formulation and 0.56 g 
(10 %) of methyl methacrylate, containing 10 mg benzoin methyl ether. After curing the polyurethane at 
80 *C for three hours, the moid is exposed to UV radiation from a SILVANIA Black- Lite-Blue lamp for 5 
hours. A clear, highly wettable polymer is obtained. 

*vazo 52 is 2,2' -azo bis (2,4-dimethylvalero nitrile). 
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Claims 

1. A crosslinked siioxane-urethane polymer in form of an ophthalmic device, which comprises the 
reaction product of 

(A) a di- or poly-hydroxyaikyl substituted alkyl polysiloxane having a molecular weight between about 200 
and about 10,000, and 

(B) a substantially compatible, aliphatic, cycloaliphatic or aromatic di- or tri-isocyanate; 

wherein the total number of hydroxyl groups in component (A) is substantially stoichiometrically equivalent 
to the total number of isocyanate groups in component (B), and with the proviso that an effective 
crosslinking amount of (A) or (B) or both (A) and (B) is present and possesses a functionality greater than 
two. 

2. An ophthalmic device according to claim 1 which is a contact lens. 

3. A siioxane-urethane polymer in form of an ophthalmic device according to claim 1 wherein 
component (A) is a di- or poly-hydroxy substituted polysiloxane of formula A1 , A2 or A3, with the structures: 



75 



20 



HO-R 2 — j- SiQ 
R 



1 



1 J*l 



*1 

■ Si* 

OH 



■SiO 

I 



1 



Si-Ro-OH 
I 



(Al) 



J v i 



25 



30 



35 



(Ri) 3 Sii 









r *n 


-SiO- 




— sio- 


-SiO- 


i 






i 




OH 





HOCH 2 CHCH 2 0(CH 2 )3 
OH 



*2 



•SiC 



• Si(Ri) 3 



J?2 



• SiO— (CH 2 )30CH 2 CHCH 2 OH 



(A2) 



(A3) 



40 



wherein Ri is an alkyl group of 1 to 4 carbon atoms or phenyl, R 2 is a linear or branched alkylene group 
with 2 to 6 carbon atoms ( a F^a), a polyoxyalkylene group of structure 



45 



-[CH 2 CHO} n CH 2 CH- 
R 3 R 3 



or -(CH2)30CH 2 CHCH2- (= R2 b > , 

OR 3 



50 



wherein R 3 is hydrogen or methyl and n is an integer from 1 to 50; xi and x 2 are integers from 1 to 500; yi 
is 0 to 4, y 2 is 2 to 5 with the proviso that the ratios of: 



x l + x 2y\ x l +X 2V2 
— and 



yi + 2 



55 are not greater than 70. 

4. A siioxane-urethane polymer in form on an ophthalmic device according to claim 1 wherein 
component (B) is a diisocyanate, triisocyanate or mixture thereof selected from the group consisting of 
ethylene diisocyanate, 1 ,2-diisocyanatopropane, 1 ,3-diisocyanato-propane, 1 ,6-diisocyanatohexane, 1 ,2- 
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diisocyanatocyclohexane, 1 ,3-diisocyanatocycIohexane, 1 ,4-diisocyanatobenzene; bis(4- 

isocyanatocyclohexyl)methane, ' bis(4-isocyanatocyclohexenyl)methane, bis(4- isocyanatophenyl)methane, 
1,2- and 1,4-toluene diisocyanate; 3 t 3-dichloro-4,4 -diisocyanatobiphenyl; tris(4-isocyanatophenyi)methane, 
1 ,5-diisocyanato-naphthalene, hydrogenated toluene diisocyanate; 1-isocyanatomethyl-5-isocyanato-1,3,3- 
trimethylcyciohexane (= isophorone diisocyanate); 1,3,5-tris(6-isocyanatohexyl)biuret, 1 ,6-diisocyanato- 
2,2,4-(2,4,4)trimethylhexane, 2,2'-diisocyanatodiethyl fumarate; 1,5-diisocyanato-1-carboxypentane; 1,2-, 1,3- 
f 1 f 6- t 1,7-, 1,8-, 2,7-and 2,3-diisocyanatonaphthaiene; 2,4- and 2,7-diisocyanato-1-methylnaphthalene; 1,4- 
diisocyanato-methylcyclohexane; 1,3-diisocyanato-6(7)-methylnaphthalene; 4,4-diisocyanatobiphenyl; 4,4 - 
diisocyanato-3,3'-dimethoxy-bisphenyl; 3,3'-and 4 l 4'-diisocyanato-2,2'-dimethylbiphenyl; bis-(4- 
isocyanatophenyl)ethane; bis(4-isocyanatophenyl)ether. 

5. A crosslinked siloxane-urethane polymer in the form of an ophthalmic device according to claim 3, 
wherein (A) contains 40-60 equivalent percent of polysiloxane tetrols A3, where xi is 10-50 and Ri is 
methyl, and 40-60 equivalent percent A1, where yt is zero, xi is 15-60, Ri is methyl, R 2 is propylene, 1- 
methylpropylene, or 

-<CH 2 ) 3 -0-CH 2 -CH-CH 2 - 

| and 
och 3 

(B) is isophorone diisocyanate or 2,2,4(2 A4)-trimethylhexane-1,6-diisocyanate. 

6. A crosslinked siloxane-urethane polymer in form of an ophthalmic device according to claim 3, 
wherein (A) is of structure A1, where yi is zero to 1, xi is 5-50, x 2 is 5-50, Ri is methyl, R 2 is propylene, 
butylene, 1-methyl propylene or 

-<CH 2 ) 3 -0-CH 2 -CH-CH 2 - 
!>CH3 

and the diisocyanate (B) is isophorone diisocyanate (IPDI) or 2,2,4 (2,4,4)-trimethylhexane-1,6-diisocyanate 
(TMDI). 

7. A crosslinked siloxane-urethane polymer in form of an ophthalmic device according to claim 3, 
wherein (A) contains 40-60 equivalent percent of polysiloxane-tetrols of structure A3, and diisocyanate (B) is 
isophorone diisocyanate or 2,4,4(2,4,4)-trimethylhexane-1 ,6-diisocyanate. 

8. A crosslinked siloxane-urethane polymer in form of an ophthalmic device according to claim 3, 
wherein (A) contains 40-60 equivalent percent of polysiloxane diois of structure A1 , where yi is zero or 1 , xi 
is 1-5, x 2 is 1-5, Ri is methyl, R 2 is propylene or butylene, and the diisocyanate (B) is isophorone 
diisocyanate or 2,2,4(2,4,4) trimethyihexane-1 ,6-diisocyanate. 

9. A crosslinked siloxane-urethane polymer in the form of an ophthalmic device according to claim 4, 
wherein (B) is isophorone diisocyanate, 2,2,4(2,4,4)-trimethylhexane-1 ,6-diisocyanate or 1,2- or 1,4-toluene 
diisocyanate. 

10. A compatible, interpenetrating-polymer-network composition which comprises 

(I) 95-50 % by weight of the total composition of the reaction product of 

(A) a di- or poly-hydroxyalkyi substituted alkyl polysiloxane having a molecuar weight between about 200 
and about 10,000, and 

(B) a substantially compatible, aliphatic, cycloaliphatic or aromatic di- or tri-isocyanate, 

wherein the total number of hydroxy! groups in component (A) is substantially stoichiometrically equivalent 
to the total number of isocyanate groups in component (B), and with the proviso that an effective 
crosslinking amount of (A) or (B) or both (A) and (B) is present and possesses a functionality greater than 
two, and 

(II) 5-50 % by weight of the total composition of a vinyl polymer or copolymer obtained by the free- 
radical polymerization of a vinyl monomer or mixture of vinyl monomers. 

11. A composition according to claim 10 wherein component (I) is 95-75 % by weight and component 
(II) is 5-25 % by weight of the total composition. 

12. A composition according to claim 10 wherein component (A) is a di- or poiy-hydroxy substituted 
polysiloxane of formula A1 , A2 or A3, with the structures 
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wherein Ri is an alky) group of 1 to 4 carbon atoms or phenyl, R 2 is a linear or branched alkylene group 
with 2 to 6 carbon atoms (■ R 2 a), a polyoxyalkylene group of structure 



-[CH 2 CHO] n CH 2 CH- 
R 3 R 3 



Or -(CH 2 ) 3 OCH 2 CHCH 2 - (= R 2 b) , 

OR 3 



wherein R 3 is hydrogen or methyl and n is an integer from 1 to 50; xi and x 2 are integers from 1 to 500; yt 
is 0 to 4, y 2 is 2 to 5 with the proviso that the ratios of: 

x l + x 2yi x l +x 2y2 

yi + 2 y 2 



are not greater than 70. 

13. A composition according to claim 10, wherein component (B) is a diisocyanate, triisocyanate or 
mixture thereof selected from the group consisting of ethylene diisocyanate, 1 ,2-diisocyanatopropane, 1,3- 
diisocyanato-propane, 1 ,6-diisocyanatohexane, 1 ,2-diisocyanatocyclohexane, 1 ,3-diisocyanatocyclohexane, 
1 ,4-diisocyanatobenzene; bis(4-isocyanatocyclohexyl)methane, bis(4-isocyanatocycIohexenyl)methane, bis- 
(4-isocyanatopheny!)methane, 1,2- and 1,4-toluene diisocyanate; 3,3-dichloro-4,4'-diisocyanatobiphenyl; tris- 
(4=isocyanatophenyl)methane, 1 ,5-diisocyanato-naphthalene, hydrogenated toluene diisocyanate; 1- 
isocyanatomethyl-5-isocyanato-1 ,3,3-trimethylcyclohexane ( = isophorone diisocyanate); 1 ,3,5-tris(6- 
isocyanatohexyi)biuret 1,6-diisocyanato-2,2,4={2,4,4)-trimethylhexane, 2,2'-diisocyanatodiethyl fumarate; 1,5- 
diisocyanato-1-carboxypentane; 1,2-, 1,3-, 1,6-, 1,7-, 1,8-, 2,7- and 2,3-diisocyanatonaphthalene; 2,4- and 
2.7<iiisocyanato=1-methylnaphthalene; 1,4-diisocyanato-methylcyclo-hexane; 1,3-diisocyanato-6(7)-methyl- 
naphthalene; 4,4 -diisocyanatobiphenyl; 4,4'<liisocyanato-3,3'-dimethoxy-bisphenyl; 3,3 - and 4,4- 
diisocyanato-2,2 -dimethyl biphenyl; bis-(4-isocyanatophenyl)ethane and bis(4-isocyanatophenyl)ether. 

14. A composition according to claim 10 wherein component (A) contains 40-60 equivalent percent of 
polysiioxane tetrols A3, where xi is 10-50 and Ri is methyl, and 40-60 equivalent percent A1, where yi is 
zero, xi is 15-60, Ri is methyl, R 2 is propylene, 1-methylpropylene, or 
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-(CH 2 ) 3 -0-CH 2 -CH-CH 2 - 
l)CH 3 



and 



(B) is isophorone diisocyanate or 2,2,4(2,4 t 4)-trimethyfhexane-1 ,6-diisocyanate. 

15. A composition according to claim 10 wherein component (A) is of structure AT, where yi is zero to 
1, xi is 5-50, x 2 is 5-50, Ri is methyl, R 2 is propylene, butylene, 1 -methyl propylene or 



and the diisocyanate (B) is isophorone diisocyanate (IPDI) or 2,2,4 (2,4,4)-trimethylhexane-1 ,6-diisocyanate 
(TMDI). 

16. A composition according to claim 10 wherein component (A) contains 40-60 equivalent percent of 
poiysiloxane-tetrols of structure A3, and diisocyanate (B) is isophorone diisocyanate or 2,4,4(2,4,4)- 
trimethylhexane-1 ,6-diisocyanate. 

17. A composition according to claim 10 wherein component (A) contains 40-60 equivalent percent of 
poiysiloxane diols of structure A1, where yi is zero or 1, xi is 1-5, x 2 ist 1-5, Ri is methyl, R 2 is propylene 
or butylene, and the diisocyanate (B) is isophorone diisocyanate or 2,2,4(2,4,4) trimethylhexane-1, 6- 
diisocyanate. 

18. A composition according to claim 10 wherein component (B) is isophorone diisocyanate, 2,2,4- 
(2,4,4)-trimethyl hexane-1 ,6-diisocyanate or 1 ,2- or 1 ,4-toluene diisocyanate. 

19. A composition according to claim 10 where in component (II) the vinyl polymer is prepared from a 
fluoroalkyl acrylate or methacrylate with 3 to 21 fiuoro atoms in the fiuoroalkyl group, from an oligosiloxanyl- 
siiylalkyi acrylate or methacrylate with 2 to 10 Si atoms in the oligosiioxanyl group, from a hydroxyalkyl 
acrylate or methacrylate, N-vinylpyrrolidone, N,N-dimethylacryiamide or methyl methacrylate. 

20. A composition according to claim 10 where in component (II) the vinyl polymer is prepared from 
N,N-dimethylacryiamide, methyl methacrylate, 2-hydroxyethyl methacrylate, methacryloxypropyl-tris 
(trimethylsiioxy)silane or tridecylfluorohexyl-ethyl methacrylate. 

21. An ophthalmic device prepared from the composition according to claim 10. 

22. An ophthalmic device according to claim 21 which is a contact lens. 



-(CH 2 ) 3 -0-CH 2 -CH-CH 2 - 
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